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The latest World Health Organization estimates are that around 1.2 billion people in the world are 
overweight and at least 300 million of them are obese. (James, Leach, Kalamara & Shayeghi, 2001) 
Increasing rates of obesity across the world are broadly attributed to obesogenic environments. (Hill, Wyatt, 
Reed & Peters, 2003) Obesity is a complex, multifaceted problem with no easy or obvious solutions. The 
Foresight Project provides clarity to this complexity through the use of an obesity systems map and explore 
the environment for action through the development of a range of future scenarios (Kopelman, Jebb & 
Butland, 2007). 
 
The prevalent view of public health organizations is that both diet and exercise are important for body 
weight (BW) loss. (Andersson et al., 1991; Stiegler & Cunliffe, 2006) Of the two interventions, energy 
restriction through dieting is seen as the most important factor for a change in weight with exercise making 
a contribution to the retention of fat-free mass and long-term maintenance of BW loss (Stiegler & Cunliffe, 
2006). Previous studies have shown no differences in the BW loss between different ranges of age 
(Ghroubi et al., 2009) or type of treatment if diet is included, (Brochu et al., 2009; Rojo-Tirado, Benito, 
Atienza, Rincon & Calderon, 2013) while the sex condition has been shown as an important factor (Hagan, 
Upton, Wong, & Whittam, 1986) for the BW loss. Moreover, initial adiposity may impact changes in body 
mass after an intervention, (Forbes, 2000; Goodwin et al., 1998) as Hall (2007) stated that the person with 
more initial body fat has a greater fraction of their weight change attributable to changes of body fat. (Hall, 
2007) As far as we know, few studies have compared the two BMI conditions (overweight [OW] and obesity 
[OB]), showing that the BW loss depends on the degree of energy restriction. (Hansen et al., 2001; 
Varaday, 2011) For this reason, the purpose of this study was to evaluate the effect of the initial BMI and 
sex on the velocity of body weight loss, when the degree of energy restriction is similar for all participants. 
 
MATERIAL AND METHODS 
 
Details of the study’s theoretical rationale, protocol, and intervention are described elsewhere. (Zapico et 
al., 20012) For the sake of completeness, we describe the specific methodology used in this study. 
 
Participants 
One hundred eighty volunteers participated in this study (from 18 to 50 years). All the subjects had an 
overweight or obese condition, namely with a BMI between 25 and 34.9 kg/m2, non-smokers, sedentary 
(i.e., two or less hours of structured exercise per week) (Brochu et al., 2009) and norm glycemic. Female 
had regular menstrual cycles. Exclusion criteria included thyroid diseases or metabolic disorders. 
 
The participants were classified by sex and their initial BMI condition (OW -25 to 29.9 kg/m2- or OB -30 to 
34.9 kg/m2-), and divided in a stratified random fashion into a strength training group (S), an endurance 
training group (E), a combined strength and endurance training group (SE), and a physical activity 
recommendations group (C) (figure 1). An institutionally-approved informed consent document was signed 
by each individual before the start of the intervention in agreement with the guidelines of the Declaration of 
Helsinki regarding research on human subjects. In addition, the project was approved by the Human 
Research Review Committee of the La Paz University Hospital (PI-643). 
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Figure 1. Participants flow diagram. 
 
Study design 
The 24-weeks intervention consisted of an individualized hypo-caloric diet for all participants, with a 25-
30% caloric restriction (CR) from their own daily energy expenditure (DEE), (Panel, N. O. E. I. E., 1998) 
which was measured by using the SenseWear Pro Armband™ accelerometer (Body Media, Pittsburgh, 
PA). All training groups (S, E and SE) followed a personalized training program, which consisted in three 
times per week exercise sessions during six months, carefully supervised by certified personal trainers. 
Participants from C group respected the recommendations about physical activity from American College of 
Sports Medicine (ACSM). (Donnelly et al., 2009) Significant details about the programs have been 
described previously (Zapico et al., 20012). 
 
Before the intervention started, all participants were instructed to continue their usual daily activities as 
done right before the intervention period, and their physical activity was assessed by a SenseWear Pro3 
Armband™ accelerometer (Body Media, Pittsburgh, PA) for a full week every month. Participants were 
instructed to wear the monitor continuously for 5 days including weekend days and weekdays following 
general recommendations. (Murphy, 2009) Data was recorded by 1 min intervals. Daily energy expenditure 
was calculated using the Body Media propriety algorithm (Interview Research Software Version 6.0). In 
addition, they were required to report the kind, duration, and intensity of any physical activity and the 
amount of any food undertaken during the intervention period, through a personal diary. 
 
At the beginning of the intervention, the negative energy balance was calculated taking into account the 
daily energy expenditure, and a 3-day food record, in order to decrease the energy intake of the diet by a 
25-30% during the intervention. Adherence to diet was calculated as the estimated Kcal of the diet divided 
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by the real Kcal intake in percentage ([estimated kcal of diet/real Kcal intake]x100), being 100% the highest 
adherence to it, following a similar methodology as used previously. (Acharya et al., 2009) Moreover, 
adherence to exercise was calculated by the number of sessions completed in regard to the theoretical 
sessions ([sessions performed /total sessions]x100). Assistance over 90% of the training sessions (Hunter, 
Wetzstein, Fields, Brown & Bamman, 2000) and an adherence to diet over to 80% (Del Corral, Chandler-
Laney, Casazza, Gower & Hunter, 2009) were required. 
 
Body composition assessments 
Initial and final body composition was assessed by Dual-energy X-ray absorptiometry (DXA) (GE Lunar 
Prodigy; GE Healthcare, Madison, WI) and scan analysis was performed using GE Encore 2002, version 
6.10.029 software, measuring the total fat mass (FM), body fat-free mass (FFM), android fat mass, gynoid 
fat mass and bone mineral density (BMD). The anthropometric measures included height (stadiometer 
SECA; range 80-200cm) and BW, which was measured in kilograms with a scale to the nearest 100 g. 
 
Modelling the slopes of the body weight loss 
Conventional linear regression analyses were performed to identify the time course of body weight loss 
dynamics in both sexes and BMI conditions, by plotting initial and final BW for each subject individually 
using a linear scale. The body weight scores were regressed on the linear of time given f (t)= a+b (t), where 
t is the time of intervention, a is the BW score at intervention onset, and b is the slope of BW loss 
dynamics. Thus, the slopes of these lines appeared to provide a valuable measure of the velocity of the 
body weight loss. 
 
Statistical analyses 
The data was statistically analyzed using the PASW Statistics version 18.0 for Windows (SPSS Inc., 
Chicago, Illinois, USA). Data was presented as mean ± standard deviation (Mean ± SD). Changes 
between initial and final body composition measurements were compared employing a repeated measures 
three-way analysis of variance (ANOVA) by sex and BMI condition. A multivariate analysis of variance was 
employed to compare the slopes of the functions of the dynamics of weight loss by sex and initial BMI. 
Additionally, multiple comparisons were made with the Bonferroni post hoc test. Finally, those values of p < 




Figure 2 show the slopes of the linear regressions of the functions of weight loss dynamics by sex and 
initial BMI. When the slopes are compared significant differences are found between overweight and obese 
conditions (F1,175 =22.806;p<0.001) and both sexes (F1,175=8.938;p=0.003). The slopes from the obese men 
and women (-0.889±0.368 and -0.764±0.312, respectively) are significantly greater than the overweight 
ones (-0.673±0.368 and -0.493±0.308, respectively). The slopes of the men functions are significantly 
higher than the women ones in the overweight condition, while in the obese condition both slopes are 
similar (p>0.05). 
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Figure 2. Slopes of the functions of the dynamics of weight loss. 
 
The characteristics of the one-hundred and eighty volunteers who completed the intervention are shown in 
Table 1. ANOVA revealed differences regarding sex conditions vs. BW (F1,175=124.351), vs. height 
(F1,175=183.028), vs. body fat (%) (F1,175=242.039), vs. fat-free mass (F1,175=458.035) and vs. bone mineral 
density (F1,175=34.672) (p<0.001 for all comparisons) at the baseline characteristics. Differences were also 
revealed regarding initial BMI condition vs. BW (F1,175=126.456), vs. BMI (F1,175=289.759), vs. body fat (%) 
(F1,175=49.866), vs. fat-free mass (F1,175=28.917) and vs. bone mineral density (F1,175=7.221) (p<0.001 for 
all comparisons) at the baseline characteristics. No interactions between sex and BMI conditions were 
discovered (p>0.05) 
 
After the intervention period, overweight women significantly reduced their BW by 5.96±3.84 kg, obese 
women by 9.35±3.79 kg, overweight men by 8.08±4.42 kg and obese men by 10.69±4.46 kg. Differences 
were found between sexes (F1,175=7.3273;p=0.008) and initial BMI condition (F1,175=22.14;p<0.001) in the 
BW loss. In the one hand, the BW loss of the overweight men was greater than the women ones (p<0.05), 
while the obese men and women lost the same amount of BW (p>0.05). On the other hand, the obese 
participants lost more BW than overweight participants, in both sexes (p<0.05). Focusing on FM, 
overweight women significantly reduced it by 5.25±3.30 kg, obese women by 6.96±3.27 kg, overweight 
men by 6.94±3.48 kg and obese men by 8.09±3.67 kg, after the intervention period. Differences were 
found between sexes (F1,175=7.33;p=0.007) and initial BMI condition (F1,175=7.485;p=0.007) in the FM loss. 
In the one hand, the FM loss of the overweight men was greater than the women ones (p<0.05), while the 
obese men and women lost the same amount of FM (p>0.05). On the other hand, the obese women lost 
more FM than overweight women (p<0.05), while overweight and obese men lost the same amount of FM 
(p>0.05). Analyzing the FFM, after the intervention period, obese women reduced it significantly by 
0.46±1.24 kg, overweight men by 0.26±1.84 kg and obese men by 0.58±1.60 kg, while overweight women 
reduced their FFM by 0.32±0.97 kg, but not significantly. No differences were found between sexes 
(F1,175=0.02;p=0.888) and initial BMI condition (F1,175=1.099;p=0.296) in the FFM loss. 
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Table 1. Participants characteristics (n=180). Presented as Mean ± SD 
 
Overweight (n= 84) Obese (n= 96) 
 
Women (n=48) Men (n=36) Women (n=48) Men (n=48) 
 Initial Final Initial Final Initial Final Initial Final 
Age (years) 37.29 ± 8.25 37.29 ± 8.25 37.42 ± 8.02 37.42 ± 8.02 39.02 ± 7.74 39.02 ± 7.74 38.79 ± 7.99 38.79 ± 7.99 
BW (kg) 73.46 ± 5.92 67.53# ± 7.14 88.21* ± 8.13 80.13#* ± 9.44 88.33^ ± 10.1 79.15#^ ± 10.08 102.04*^ ± 8.94 91.36#*^ ± 8.78 
Height (cm) 1.62 ± 0.06 1.62 ± 0.06 1.75* ± 0.07 1.75* ± 0.07 1.64 ± 0.07 1.64 ± 0.07 1.77* ± 0.06 1.77* ± 0.06 
BMI (kg/m2) 27.99 ± 1.32 25.70# ± 1.96 28.57 ± 1.12 25.95# ± 1.88 32.41^ ± 1.85 29.54#^ ± 2.64 32.40^ ± 1.90 29.23#^ ± 2.34 
FM (%) 43.28 ± 3.62 38.57# ± 4.88 33.80* ± 4.63 27.84#* ± 5.60 47.09^ ± 3.58 42.41#^ ± 4.66 38.27*^ ± 4.00 32.78#*^ ± 4.94 
FM (kg) 30.70 ± 3.57 25.45# ± 4.89 28.79 ± 5.54 21.84#* ± 5.94 39.52^ ± 6.48 32.56#^ ± 7.06 37.37^ ± 5.89 29.28#*^ ± 6.36 
Android Fat Mass (kg) 2.49 ± 0.51 1.86# ± 0.56 2.87* ± 0.72 1.88# ± 0.70 3.33^ ± 0.74 2.66#^ ± 0.82 3.93*^ ± 0.79 2.92#^ ± 0.86 
Gynoid Fat Mass (kg) 5.65 ± 0.91 4.65# ± 1.02 4.41* ± 1.14  3.35#* ± 1.08 7.07^ ± 1.38 5.80#^ ± 1.28 5.55*^ ± 1.00 4.36# *^ ± 1.00 
FFM (kg) 40.25 ± 4.30 40.00 ± 4.60 55.99* ± 5.47 55.72* ± 5.70 44.12^ ± 4.68 43.66#^ ± 4.80 59.92*^ ± 5.02 59.34#*^ ± 4.91 
BMD (mg/cm2) 1.18 ± 0.10 1.17# ± 0.10 1.26* ± 0.09 1.24#* ± 0.09 1.21 ± 0.11 1.21 ± 0.11 1.30*^ ± 0.10 1.31*^ ± 0.10 
Note. BW=Body weight; BMI= Body mass index; FM= Fat mass; FFM=Fat-free mass; BMD= Bone mineral density. 
#. p< 0.05 significantly different from pre; *. p< 0.05 significantly different from women; ^. p< 0.05 significantly different from overweight. 
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The main finding of this study is that the BW loss is affected by the initial BMI and sex. All participants 
reduced their BW significantly though the OB participants lost more BW than the OW participants in the 
same period of time. This greater velocity (slope) of BW loss is shown in figure 2, where the slopes of the 
linear functions are compared, showing that the obese people lose weight more significantly quick than the 
overweight one in the same period of time. It can also be observed the velocity is greater for men than for 
women in the overweight condition, while men and women from obese condition lost their BW at the same 
rhythm. 
 
The variable group of intervention was not introduced in the analyses due to not significant differences 
were found between groups within this sample. (Rojo-Tirado et al., 2013) Differences in the BW loss 
between both BMI conditions could be attributable to its initial body composition. Initial adiposity may 
impact changes in body mass after an intervention. (Forbes, 2000; Goodwin et al., 1998) Changes of body 
fat and lean tissue are related by a non-linear function on the initial body fat mass such that people with 
higher initial adiposity partition a greater proportion of a net energy imbalance towards gain or loss of body 
fat versus lean tissue than do people with low initial adiposity (Hall, 2007; Forbes, 1987). Hall (2007) stated 
that the person with more initial body fat has a greater fraction of their weight change attributable to 
changes of body fat versus changes of lean tissue than does a person with less initial body fat. Since body 
fat contributes less than lean tissue to overall energy expenditure, (Ravussin, Lillioja, Anderson, Christin, & 
Bogardus, 1986) the person with higher initial body fat will lose a greater amount of weight to achieve a 
new state of energy balance. (Hall & Jordan, 2008; Hall et al., 2011) In addition, Hansen et al (2001) 
showed that participants with a higher BMI lost more weight after an intervention compared with those 
possessing a lower BMI, as it occurred in our study. Moreover, as the calorie restriction of the diet was 
similar to every participant because it was adjusted in percentage according to their daily energy 
expenditure measured by accelerometry, the energy cost of physical activity could have contributed as it is 
proportional to BW. [30-33] As the obese people have a greater BW and FFM, the energy cost of all of their 
physical activities is bigger than from the overweight people, resulting in a major BW loss. So, we suggest 
that any weight loss program should pursue the maintenance of the FFM, with exercise sessions at an 
intensity about 65-80% of the 1RM, (Hunter, 2008) contributing to the body’s overall energy expenditure 
rate (Ravussin et al., 1986). 
 
On the one hand, there are sex-specific differences in body fat distribution: in males, fat distribution is 
concentrated in the upper body, while in females, fat distribution is concentrated in the lower body 
(Lönnqvist, Thörne, Large & Arner, 1997, Shimokata, 1989). 
 
 Furthermore, a recent study reported that there was a nonlinear relationship between regional fat mass 
and visceral fat area, and these relationships differed by visceral obesity levels. (Demura & Sato, 2008)  
These reports indicate that the relationships between subcutaneous, visceral and total fat may differ by 
obesity level and obesity type. The contribution of subcutaneous fat to total body fat declines with 
increasing obesity level. This may suggest that, although subcutaneous and visceral fat increase with 
increasing obesity level, there may be a limitation in the capacity for subcutaneous fat accumulation which 
is dependent on sex, and accumulation of visceral fat may progress more when this capacity is exceeded. 
(Sato & Demura, 2009) These differences in android and Gynoid fat mass were found in our sample 
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between both BMI conditions, as our obese females had more fat in the upper body than the overweight 
ones (table 1). 
 
On the other hand, there is evidence suggesting than women have greater difficulty in losing weight after 
exercise than men. Preliminary evidence suggests that women compared with men have different rate of 
lipolysis, less sympathetic nervous system activity and a smaller catecholamine response at a given 
intensity to exercise. (McMurray & Hackney, 2005) Research has shown that women tend to lose 
significantly less weight than men after an exercise program. (Donnelly, 2003; Sartorio, Maffiuletti, Agosti & 
Lafortuna, 2005) However, in our study these differences were only found in the overweight participants, 
showing that obese men and women lost the same amount of BW. According to the literature, the body 
composition would be a related individual factor able to explain these differences. Women who possess 
upper body obesity (obese women) have been shown to lose more fat than those with lower body obesity 
(overweight women) (Després, Tremblay, Nadeau & Bouchard, 1987; Tai, Lau, Ho, Fok, & Tan, 2000). This 
may be due to the effect of exercise-induced catecholamines that have a site-specific on body fat. (Tai et 
al., 2000; Björntorp, 1999) For example, visceral adipose tissue is especially sensitive to lipolytic activation 
by the adrenal system. (Arner, 1995) Lipolysis is increased in intra-abdominal adipose tissue because of 
more catecholamine-sensitive-β-receptors compared with subcutaneous adipose tissue, like femoral and 
gluteal fat depots, which has a higher density of α2-receptors. (Björntorp, 1999; Arner, 1999; Wahrenberg, 
Lönnqvist & Arner, 1989) Thus, both males and females possessing more intra-abdominal adipose tissue 
may lose more fat when undertaking exercise interventions, especially when exercise is performed at an 
intensity that brings about increases in catecholamines. Moreover, Volek et al. (2004) affirmed that there 
was a preferential loss of fat in the trunk region in both men and women. Wahrenberg, Lönnqvist and Arner 
(1989) concluded that the lipolytic effect of catecholamines was four- to fivefold more marked in abdominal 
adipocytes than in other depots. Consequently, overweight women compared with overweight men may 
have possessed more subcutaneous rather intra-abdominal fat and had increased gluteofemoral adipose 
tissue which could account for their lack of exercise-induced weight loss compared with males (Boutcher & 
Dunn, 2009). 
 
Finally, some limitation should be mentioned. The lack of information about the changes in the visceral 
adipose tissue of our sample impedes us to full assert that the results obtained in this study are due to 
lipolytic activity in the visceral adipose tissue. Future research is needed to evidence these changes in the 






With this work, we can conclude that the BW loss is affected by the initial BMI and sex condition, being 





The PRONAF Study takes place with the financial support of the Ministerio de Ciencia e Innovación, 
Convocatoria de Ayudas I+D 2008, Proyectos de Investigación Fundamental No Orientada, del VI Plan de 
Investigación Nacional 2008-2011, (Contract: DEP2008-06354-C04-01). The authors certify that there is no 
conflict of interest with any financial organization regarding the material discussed in the manuscript. 
Rojo-Tirado et al. / Affects of body weight loss                                         JOURNAL OF HUMAN SPORT & EXERCISE 
                     VOLUME 10 | ISSUE 4 | 2015 |   891 
 
CONFLICTS OF INTEREST 
 
The authors certify that there is no conflict of interest with any financial organization regarding the material 




1. Acharya, S.D., Elci, O.U., Sereika, S.M., Music, E., Styn, M.A., Turk, M.W., & Burke, L.E. (2009). 
Adherence to a behavioral weight loss treatment program enhances weight loss and improvements 
in biomarkers. Patient preference and adherence, 3, pp.151.  
2. Andersson, B., Xu, X.F., Rebuffe-Scrive, M., Terning, K., Krotkiewski, & M., Bjorntorp, P. (1991). 
The effects of exercise, training on body composition and metabolism in men and women. Int J 
Obes., 1(15), pp.75-81. 
3. Arner, P. (1995). Differences in lipolysis between human subcutaneous and omental adipose 
tissues. Annals of medicine, 27(4), pp.435-438.  
4. Arner, P. (1999). Catecholamine-induced lipolysis in obesity. International journal of obesity and 
related metabolic disorders. Journal of the International Association for the Study of Obesity, 23, 
pp.10-13. 
5. Boutcher, S.H., & Dunn, S.L. (2009). Factors that may impede the weight loss response to 
exercise-­‐based interventions. Obesity Reviews, 10(6), pp.671-680. 
6. Björntorp, P. (1999). Neuroendocrine perturbations as a cause of insulin resistance. 
Diabetes/metabolism research and reviews, 15(6), pp.427-441.  
7. Brochu, M., Malita, M.F., Messier, V., Doucet, E., Strychar, I., Lavoie, J.M., Prud'homme, D., & 
Rabasa-Lhoret, R. (2009). Resistance training does not contribute to improving the metabolic 
profile after a 6-month weight loss program in overweight and obese postmenopausal women. J 
Clin Endocrinol Metab., 94(9), pp.3226-33. 
8. Crncevc-Orlic, Z., Jovanovic, Z., Stimac, D., Zaputovic, L., Persic, V., & Ruzic, A. (2008). Efficacy 
of healthy weight loss program in obesity treatment: Croatian experience. Coll Antropol., 32(1), 
pp.79-84. 
9. Del Corral, P., Chandler-Laney, P.C., Casazza, K., Gower, B.A., & Hunter, G.R. (2009). Effect of 
dietary adherence with or without exercise on weight loss: a mechanistic approach to a global 
problem. The Journal of Clinical Endocrinology & Metabolism, 94(5), pp.1602-1607. 
10. Demura, S., & Sato, S. (2008). Nonlinear relationships between visceral fat area and percent 
regional fat mass in the trunk and the lower limbs in Japanese adults. European journal of clinical 
nutrition, 62(12), pp.1395-1404.  
11. Després, J.P., Tremblay, A., Nadeau, A., & Bouchard, C. (1987). Physical training and changes in 
regional adipose tissue distribution. Acta Medica Scandinavica, 222(S723), pp.205-212.  
12. Donnelly, J.E., Blair, S.N., Jakicic, J.M., Manore, M.M., Rankin, J.W., & Smith, B.K. (2009). 
Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention of Weight 
Regain for Adults (vol 41, pg 459, 2009). MEDICINE AND SCIENCE IN SPORTS AND 
EXERCISE, 41(7), pp.1532-1532.  
13. Donnelly, J.E., Hill, J.O., Jacobsen, D.J., Potteiger, J., Sullivan, D.K., Johnson, S.L., & Sharp, T. 
(2003). Effects of a 16-month randomized controlled exercise trial on body weight and composition 
in young, overweight men and women: the Midwest Exercise Trial. Archives of Internal Medicine, 
163(11), pp.1343-1350.  
14. Forbes, G.B. (1987). Lean Body Mass-­‐Body Fat Interrelationships in Humans. Nutrition reviews, 
45(10), pp.225-231. 
Rojo-Tirado et al. / Affects of body weight loss                                         JOURNAL OF HUMAN SPORT & EXERCISE 
892 | 2015 | ISSUE 4 | VOLUME 10                                                                                © 2015 University of Alicante 
 
15. Forbes, G.B. (2000). Body fat content influences the body composition response to nutrition and 
exercise. Ann N Y Acad Sci., 904, pp.359-65. 
16. Ghroubi, S., Elleuch, H., Chikh, T., Kaffel, N., Abid, M., & Elleuch, M.H. (2009). Physical training 
combined with dietary measures in the treatment of adult obesity. A comparison of two protocols. 
Ann Phys Rehabil Med., 52(5), pp.394-413. 
17. Goodwin, P., Esplen, M.J., Butler, K., Winocur, J., Pritchard, K., Brazel, S., Gao, J., Miller, A. 
(1998). Multidisciplinary weight management in locoregional breast cancer: results of a phase II 
study. Breast Cancer Res Treat, 48(1), pp.53-64. 
18. Hagan, R.D., Upton, S.J., Wong, L.E.S., & Whittam, J. (1986). The effects of aerobic conditioning 
and/or caloric restriction in overweight men and women. Medicine & Science in Sports & Exercise, 
18(1), pp.87-94. 
19. Hall, K. (2007). Body Fat and Fat-Free Mass Interrelationships. Br J Nutr., 97(6), pp.1059-63. 
20. Hall, K.D. (2010). Predicting metabolic adaptation, body weight change, and energy intake in 
humans. American Journal of Physiology-Endocrinology and Metabolism, 298(3), pp.E449-E466.  
21. Hall, K.D., & Jordan, P.N. (2008). Modeling weight-loss maintenance to help prevent body weight 
regain. The American journal of clinical nutrition, 88(6), pp.1495-1503.  
22. Hall, K.D., Sacks, G., Chandramohan, D., Chow, C.C., Wang, Y.C., Gortmaker, S.L., & Swinburn, 
B.A. (2011). Quantification of the effect of energy imbalance on bodyweight. The Lancet, 
378(9793), pp.826-837.  
23. Hansen, D., Astrup, A., Toubro, S., Finer, N., Kopelman, P., Hilsted, J., Rössner, S., Saris, W., 
Van, Gaal, L., James, W., Goulder, M., & STORM Study Group. (2001). Predictors of weight loss 
and maintenance during 2 years of treatment by sibutramine in obesity. Results from the European 
multi-centre STORM trial. Sibutramine Trial of Obesity Reduction and Maintenance. Int J Obes 
Relat Metab Disord., 25(4), pp.496-501. 
24. Hill, J.O., Wyatt, H.R., Reed, G.W., & Peters, J.C. (2003). Obesity and the environment: where do 
we go from here? Science, 299(5608), pp.853-5. 
25. Hunter, G.R., Byrne, N.M., Sirikul, B., Fernández, J.R., Zuckerman, P.A., Darnell, B.E., & Gower, 
B.A. (2008). Resistance Training Conserves Fat-­‐free Mass and Resting Energy Expenditure 
Following Weight Loss. Obesity, 16(5), pp.1045-1051.  
26. Hunter, G.R., Wetzstein, C.J., Fields, D.A., Brown, A., & Bamman, M.M. (2000). Resistance 
training increases total energy expenditure and free-living physical activity in older adults. Journal 
of Applied Physiology, 89(3), pp.977-984. 
27. Jakicic, J.M., Marcus, B.H., Lang, W., & Janney, C. (2008). Effect of exercise on 24-month weight 
loss maintenance in overweight women. Arch Intern Med., 168(14), pp.1550-9. 
28. James, P.T., Leach, R., Kalamara, E., & Shayeghi, M. (2001). The worldwide obesity epidemic. 
Obes Res., 9(4 Suppl), pp.228S-33S. 
29. Kopelman, P., Jebb, S.A., & Butland, B. (2007). Executive summary: Foresight 'Tackling Obesities: 
Future Choices' project. Obes Rev., 8(1 Suppl), pp.6-9. 
30. Leibel, R.L., Rosenbaum, M., & Hirsch, J. (1995). Changes in energy expenditure resulting from 
altered body weight. New England Journal of Medicine, 332(10), pp.621-628.  
31. Lönnqvist, F., Thörne, A., Large, V., & Arner, P. (1997). Sex differences in visceral fat lipolysis and 
metabolic complications of obesity. Arteriosclerosis, thrombosis, and vascular biology, 17(7), 
pp.1472-1480. 
32. Mauriege, P., Després, J.P., Prud'Homme, D., Pouliot, M.C., Marcotte, M., Tremblay, A., & 
Bouchard, C. (1991). Regional variation in adipose tissue lipolysis in lean and obese men. Journal 
of lipid research, 32(10), pp.1625-1633.  
Rojo-Tirado et al. / Affects of body weight loss                                         JOURNAL OF HUMAN SPORT & EXERCISE 
                     VOLUME 10 | ISSUE 4 | 2015 |   893 
 
33. Mauriege, P., Imbeault, P., Langin, D., Lacaille, M., Almeras, N., Tremblay, A., & Despres, J.P. 
(1999). Regional and gender variations in adipose tissue lipolysis in response to weight loss. 
Journal of lipid research, 40(9), pp.1559-1571.  
34. McMurray, R.G., & Hackney, A.C. (2005). Interactions of metabolic hormones, adipose tissue and 
exercise. Sports medicine, 35(5), pp.393-412.  
35. Murphy, S.L. (2009). Review of physical activity measurement using accelerometers in older 
adults: considerations for research design and conduct. Preventive medicine, 48(2), pp.108-114.  
36. Panel, N. O. E. I. E. (1998). Clinical guidelines on the identification, evaluation, and treatment of 
overweight and obesity in adults. 
37. Östman, J., Efendić, S., & Arner, P. (1969). Catecholamines and metabolism of human adipose 
tissue. Acta medica Scandinavica, 186(1-­‐6), pp.241-246.  
38. Sartorio, A., Maffiuletti, N.A., Agosti, F., & Lafortuna, C.L. (2005). Gender-related changes in body 
composition, muscle strength and power output after a short-term multidisciplinary weight loss 
intervention in morbid obesity. Journal of endocrinological investigation, 28(8), pp.494-501.  
39. Sato, S., & Demura, S. (2009). Regional subcutaneous fat characteristics stratified by sex, age, 
and obesity, and their relationships with total and visceral fat in a Japanese population. Journal of 
physiological anthropology, 28(5), pp.231-238. 
40. Shimokata, H., Tobin, J.D., Muller, D.C., Elahi, D., Coon, P.J., & Andres, R. (1989). Studies in the 
distribution of body fat: I. Effects of age, sex, and obesity. Journal of gerontology, 44(2), pp.M66-
M73 
41. Stiegler, P., & Cunliffe, A. (2006). The Role of Diet and Exercise for the Maintenance of Fat-Free 
Mass and Resting Metabolic Rate During Weight Loss. Sports Medicine, 36(3), pp.239-62. 
42. Ravussin, E., Lillioja, S., Anderson, T.E., Christin, L., & Bogardus, C. (1986). Determinants of 24-
hour energy expenditure in man. Methods and results using a respiratory chamber. Journal of 
Clinical Investigation, 78(6), pp.1568. 
43. Rebuffe-Scrive, M., Andersson, B., Olbe, L., & Björntorp, P. (1989). Metabolism of adipose tissue 
in intraabdominal depots of nonobese men and women. Metabolism, 38(5), pp.453-458. 
44. Rebuffe-Scrive, M., Anderson, B., Olbe, L., & Björntorp, P. (1990). Metabolism of adipose tissue in 
intraabdominal depots in severely obese men and women. Metabolism, 39(10), pp.1021-1025. 
45. Redman, L.M., Heilbronn, L.K., Martin, C.K., Alfonso, A., Smith, S.R., Ravussin, E. (2007). Effect of 
Calorie Restriction with or without Exercise on Body Composition and Fat Distribution. The Journal 
of Clinical Endocrinology & Metabolism, 92(3), pp.865-72. 
46. Redman, L.M., Heilbronn, L.K., Martin, C.K., De Jonge, L., Williamson, D.A., Delany, J.P., & 
Pennington CALERIE Team. (2009). Metabolic and behavioral compensations in response to 
caloric restriction: implications for the maintenance of weight loss. PLoS One, 4(2), pp.e4377. 
47. Rojo-Tirado, M.A., Benito, P.J., Atienza, D., Rincon, E., & Calderon, F.J. (2013). Effects of age, 
sex, and treatment on weight-loss dynamics in overweight people. Appl Physiol Nutr Metab., 38(9), 
pp.967-76. 
48. Rosenbaum, M., Ravussin, E., Matthews, D. E., Gilker, C., Ferraro, R., Heymsfield, S. B., & Leibel, 
R.L. (1996). A comparative study of different means of assessing long-term energy expenditure in 
humans. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 
270(3), pp.R496-R504.  
49. Rosenbaum, M., Vandenborne, K., Goldsmith, R., Simoneau, J.A., Heymsfield, S., Joanisse, D.R., 
& Leibel, R.L. (2003). Effects of experimental weight perturbation on skeletal muscle work 
efficiency in human subjects. American Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology, 285(1), pp.R183-R192.  
Rojo-Tirado et al. / Affects of body weight loss                                         JOURNAL OF HUMAN SPORT & EXERCISE 
894 | 2015 | ISSUE 4 | VOLUME 10                                                                                © 2015 University of Alicante 
 
50. Ross, R. (1997). Effects of diet-and exercise-induced weight loss on visceral adipose tissue in men 
and women. Sports Medicine, 24(1), pp.55-64.  
51. Tai, E.S., Lau, T.N., Ho, S.C., Fok, A.C., & Tan, C.E. (2000). Body fat distribution and 
cardiovascular risk in normal weight women. Associations with insulin resistance, lipids and plasma 
leptin. International journal of obesity, 24(6), pp.751-757.  
52. Varaday, K. (2011). Intermittent versus daily calorie restriction_which diet regimen is more effective 
for weight loss. Obesity reviews, 12(7), pp.e593-e601. 
53. Volek, J., Sharman, M., Gomez, A., Judelson, D.A., Rubin, M.R., Watson, G., & Kraemer, W.J. 
(2004). Comparison of energy-restricted very low-carbohydrate and low-fat diets on weight loss 
and body composition in overweight men and women. Nutr Metab (Lond), 1(1), pp.13.  
54. Wahrenberg, H., Lönnqvist, F., & Arner, P. (1989). Mechanisms underlying regional differences in 
lipolysis in human adipose tissue. Journal of Clinical Investigation, 84(2), pp.458. 
55. Zapico, A.G., Benito, P.J., Gonzalez-Gross, M., Peinado, A.B., Morencos, E., Romero, B., Rojo-
Tirado, M.A., Cupeiro, R., Szendrei, B., Butragueño, J., Bermejo, M., Alvarez-Sánchez, M., García-
Fuentes, M., Gómez-Candela, C., Bermejo, L.M., Fernandez-Fernandez, C., & Calderón, F.J. 
(2012). Nutrition and physical activity programs for obesity treatment (PRONAF study). 
methodological approach of the project. BMC Public Health, 12, pp.1100. 
